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Te*. were conducted to determine if there are performance penalties annotated 
with the Installation of infrared (lit) suppressors on the TG8-A-700 turboshafl ongino . 
T-he testing was done in a sea- level, static test cell at the NASA Lewis Research ' 
Center. The same engine (A-K402808 B) was run with the standard 011-58 aircraft 
exhaust slacks and with the Hughes-designed, ejector- type lit suppressors In order 
o make a valid comparison. Repeatability of the test results for the two configura- 
tions, was verified by rerunning the conditions over a period of days. Test results 

showed no measurable difference in performance between the standard exhaust stacks 
and the IR suppressors. 


INTRODUCTION 


Recent U. S. Army combat experience with helicopters has shown a considerable 
threat lo (heir survivability from infrared (1R) heat-seeking missiles. The prime 
source of lit radiation ou-a.lioltcoptor is, of course, the engine exhaust. One approach 
to the problem has been the development of devices that suppress the IR signature 
by either cooling the hot metal parts and the plume or shielding them from view One 
such IR suppressor designed by Hughes for the TIKI engine is an eieelor-type device 
that simply replaces the standard 011-58 aircraft exhaust stacks, Although such dc- 
vtees improves., rvivabilily, they may impose performance penalties on the engine 
In the tests described in this report, therefore, a Ttki engine was run with and without 

r:~ lWon,mu ' «“■• Performance penalties, if any. The testing was done al 
the NAhA-Lowis Research Center. 


APPARATUS 


Engine 


Ilu Ui.i- A-70-0 (tig. l) is a small tui'boshaft engine used in the Army Kiowa 
011-58 light observation helicopter. The engine has a pressure ratio of 8. a single 
spool gas producer, and a free power turbine. At II, e takeoll rating Hie engine 
develops a maximum of 28,1 kilowatts (817 I,,,) and has a gas-producer outlet temper- 
ature o, 1022 K (18811' I 1 ’). Kxtemnl controls consist of a gas-producer lucl control 

1''" " « an ' mar Al power sellings higher Uiun ground idle 

the engine Is controlled by mniilpulMlng only 11, e poiv.n-furblne governor lever Kx 

liulist directed upward from the engine Hmmgl, Iwo duels. In II, e aircraft iustalla- 
"'"A' 1 - exhausl stacks mount directly on (lie engine. As shown In 

lignre I, 111 e slandard stacks are elllplle. smoothly curved duels Hint direct II, e ex- 
hausl backward almoHt horizontally. 
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IK Suppressors 

1 ho III suppressors shown mounted on (ho engine in figure 2 nro ejector- typo 

! U ' al 00W "*‘ ° r “ " Mor dui ’ 1 ’»«'< » nurmunding outer ejector shroud ' : l1u , . 

,„nor dart ,, covorodavith insula, ing mau-rint. and Mu- ejector Loud has exlo'm 
uttuntleieniial cooling tins. Tito insulation. II, o cooling fins, and tho flow or ««,- 
ondary ambiont an- that In generated by tho ejcclor uhroud lower tho surface tempo, -- 
., uu o ,o la, pipe. 11,0 partial mixing of secondary air with tho exhaust plume 
urtltor lowers tho vulno, -ability of tho airoratl to heat-seeking missiles T '-sls wore 
"mtod only ,« tho otfool oi tho suppressors on engine performance. Ono notablo dif- 
ference between tho two Imrtallatlons fa that tho standard plpos oxhaus, nearly ill 
zontally but the IK suppressors exhaust vertically. 

To«4, Coll Installation 

T “ “ ra ‘-' W '" f,K ' il,,V «•"" « horizontal exhaust duo, and 

tho T,-! -I" T* ,W l0 ' An oxtallst '»«' *»» fabt-ioatod to fit „v„r 

, ' U ' e " u> and aooonilnodiitev both oxhansl configurations. Tho engine mounted 

m o iratno of tho Am*, mobilo ongino tos, stand (MKTtt), shown ,„ Tho 

”***’ ! '" d ™ Mr '" -valbnu, woro designed at l.owis. Tho arrange, non, „r ,|,o 
o^Ud tho oxhansl hood, and tho facility oxhaus, duo, arc shown sohomatloally 

llH ’ “' a " ltard '""P 1 * 1 ' oonfigurat ion. tho ongmo oxluiusts almost directly inlo 
hr laothiy oxhaus, plpr- - much as a jot ongino would. Will, the 1R suppressor oon- 
iigmalion, however, there was concern lhal the angle of the ongino exhaust -md the 
proximtly ot the heed to tho exhaust slaoks might cause .-octrculalton or. worse vo, 
mts , ho outcome of tho tests. So that tho exhaust gas would bo completely romon-d 

ottgin U 'si°r' aSF " a '" 1 ' i " 81 ' rtod UHO Hu ' l>™>l downstivam ol tho 

< ng,m . blat.o pressures under tho hood woro momtorod to msnro that II, o 

d ' d “ «'b-ino„„U.y different pressures a, ,ho oxhaus, „,„ok oxdl 

Inst rutncnlnlion 

A ivlallvcly small numhor of paramolors had lo 1 h- inoutlorod and or rooordod lor 
those losls^ ll,o iK-llmoulh Inlet was InstrnmcWcd with Iwo „-o,woo„sta„la„ thorn,,, 
ronplos and lour sialic prossuro laps local, -d as shown in figure 0. Itoloro ,„slall-,l,o„ 

bollmouih was calibrated lor dlsrharg, ollloion, 

> .giro- „, Hlow. Tho gas- -producer ouilol lomporaluro ,TIVT, was measured w,lh iho 
Simula r,l ongmo Ihormneouplo harness, which oonsislod ol lorn- Chromol-Alumcl 






hermoeouplos o„„ull.v spaeot, arotuu, „,o *,»■ protlueor turbine outlet a„„„,„a ,,,, 

‘ " In parallel l„ K lvo an slppal T , 

»as measured with straiu ., W! „ lta , „ ^ 

r:^ 

1 uu ^ nipoiatunv static pressure probe, 

, l a,a^z'!":m.n , ;r u ;r r rr M m nw ^ ^ m **•*» 

,i . ■ t . O. o, onptno operating purposes. other tnr-inietor* 

SUl " “ P'n’Po future, water brake temperature. o„ m-av.m* !“ 

'' 7"'™ "°' V , " 0 '’ il " lv ' 1 - T »" .litTerenttal procure protvs were also ,L all 

T "T" ° f lh " «*«»-• -“neks. 'to monitor 

u l ,u ,S P U • s ‘ s nti' at tno ongmo oxhaust. 


I'lUX'Knt'UK 

A tjpteal rut, oouslstod of en K l„e startup, waruutp. ,ta(alaklu ff at various power 
st ttu, us, amt sluitilown, I'o siimtlate aeltittl ltelieopler operation N ■ 

E; : £; : r z - 

' ,UH ’ auso no,u ' °* tho para motors wo tv rooordod ao-iinst f in , , . , 

toUn m “ U ' UnS r d miUI n °‘ lV d0UM ’ mi,u “ l - 11 VV:, 8 pivsumod to bo roh^d 

Sit hi \ *“! water brake was tiulle s,a,sittve to 

; : nv.. ;r- 

main data |Hdnl« along tho operating lino and taking sovoral data r < > .« 
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where- 0 and .3 are the ratios of actual to standard, temperature and pressure 

respectively. Euel flow was also scaled to a rctcrctJLn* 

joules per gram (18 loo Btu/lb). 1 


RESULTS AND DISCUSSION . 

The results of the WS-A-700 performance tests with and without IH snppres- 
s™ presented ip terms of corrected fue. ftow and power. U,st-s q „Z 

for fl, .T”*"" l ’" 08 :UV #» duw. The correlation eoeftieienls 

in tl I, "“T*" CltS “» «" b * tn ®.M. Whoo the data are plotted 
in this, manner, an tnerotise tn corrected fuel How for the same corrected power 
indicates a loss in performance. * 

The results from three separate runs with the standard exhaust stacks 1„- 

ZTo'Z ?r *• 11,0 l ° tnl “ or — standard devt- 

L, m o p ,h0 I ' 0KroBaion ««d 'hr average percentage of deviation 

om the line are given In the figure. Individual regression lines through the data 
iron, each o, the runs thts figure would show a maximum spread of aL 7 ,c 
ecu, n .wrlormanco tevet. This is a measure of the repeatability aehietyd ’ 

r^;r^r^ wmy - — - - • — = - 

figure 8 shows the results of a run with the 111 suppressors Installed but will, II 

IH sT " J ”' tot Sl "' mK ' 8 ™' These results agree well will, Ihose 
11 suppressor tnstaUallon shown In figure 7. In ease of stacublc dilferenees In .H r 
Ini manee between the standard and IH-snppressnr stacks, this run was led In 

sepor, e hr elec from that of Ihe II, suppressor primary 

Ill, performance results will, and without the 111 suppressors, already presents 
m Igitics 0 am 7. are repealed in figure II lor ease el comparison. The d, licence 
* ..." . !' “ M ' vw " "»• *w» roulignral Inns' levels el performance ,s we 

r ;: r: 1 ,vi)0i " ,,l> "" v ,or •' iih, ' r »■«*• .he 

data, I hi 1 elm e. no measurable dlfferenee In perfor, nonce was el, served ' 




CONCMIWNI? UKMAKKS 

A- 1V*M- A- 700 turboshaft engine was operated in a sou- level, statu* ootl to tost 
lor of foots of ejector- typo IH suppressors on engine purformiwee. Tlu>. uninstalled 
performance ot'-tho Xtia.-A.700 engine was not. measurably affected by. tho IH sup~ 
pvossors. 
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Oontral Automatic Data Processing System. NAPA T-N-XAl;!,. 10f>S, 
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100 t.V 1*10 MO 150 AV 

1*01 I'tVttSl POWtM . kW 

l 1 l 1 1 > I 

MO MO 150 AX' AV .MO >0 

1*01 I’lYttSl |VWOI . lip 

t unite / lest r os u Its with IK siippimois NumM of points, 5/, 

st,mii.m1 Motion, 0 4tWWhf il IVS ib'ht \ .n et .ujo peuenUie 
of deviation, 0 M5 



Cor r Acted power, kVV 

L _L L 1- -i 1 

140 loo ISO ;*00 220 240 

Corrected power, hp 

f iqure 8. Test results with IK suppressors without elector 
shrouds. Number of points. 2 % standard devi.it ion. 

0. 4813 kq/hr (1. Ool lb/hr>, average percentage ot deviation. 
0.483. 
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Corrected power. kW 
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141 HO ISO AV .VO .'40 AO 
Corrected iwer, hp 

qure 0 lo< A 700 engine per tor ounce with jnd without IR sup 
pressors. 





